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Summary 


He  Sparry  0i:7  oompass  system  incorporates  the  CL11  direotional  gyros oopa 
and  is  roll  stabilised  by  an  asternal  horison  reference.  Trials  of  a  GM7 
operated  as  an  unslaved  directional  gyroscope  were  conducted  at  Bosoombe  Down. 
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>.s  a  part  of  the  Phase  3  modification  of  Shaokleton  aircraft  the  &4B 
compass  was  replaced  by  a  dual  Sperry  G-To'7  installation.  Because  these  compasses 
include  high  precision  directional  gyroscopes,  the  possibility  arose  of 
conducting  operations  with  the  gyroscopes  unslaved  and  operating  in  the  direo- 
tional  gyrosoope  (DG-)  mode,  .'.n  evaluation  of  the  system's  performance  in  the 
D&  mode  was  authorised  by  Kav.l(b)  (Headquarters  letter  aiS/568/08  dated  23rd 
February  1 965  refers.)  The  aims  of  the  trial  were:- 

(a)  To  determine  the  gyrosoope' s  drift  rate  when  operating  in  the 
DG  mode, 

(b)  to  determine  the  accuracy  of  the  gyroscope's  performance  in  turns 
and  manoeuvres,  and 

(o)  to  assess  the  performance  of  the  gyrosoope' s  bank  out-out  meohanism. 


The  equipment  was  installed  in  Comet  4C  XS  235  in  time  for  a  first  flight 
on  15th  iaarch  19^5*  The  early  stages  of  the  trial  were  carried  out  in  conjunc¬ 
tion  with  other  equipment  trials,  and  it  was  not  until  5th  April,  1965  that  a 
flight  was  executed  solely  for  the  &H7  trial.  Seven  sorties  were  then  necessary 
to  complete  tho  data  acquisition  phr.se  of  the  trial,  with  the  final  flight 
taking  place  on  4th  Kay,  1965*  The  equipment  was  removed  from  the  aircraft  on 
25th  5!ay,  1965. 

2.  Description  of  Sperrv  7  Compass  System  (D&  Components) 

The  DG  portion  of  the  Sperry  Gi  7  compass  system  consists  of  a  CL11 
directional  gyroscope,  a  Horison  Gyro  Unit  Kk.  3  (H.&.U. ),  a  compass  master 
unit,  a  latitude  controller,  power  supply  units,  amplifiers  and  synchro 
repeaters. 

The  CL11  is  a  precision  gyrosoope  whioh  is  mounted  in  a  roll  ring  with  a 
nominal  roll  freedom  of  ^  82°.  The  outer  roll  ring  is  stabilised  in  this 
installation  by  an  external  horison  reference,  the  H.G.U.  The  inner  gymbal 
is  maintained  horizontal  by  a  motor  controlled  by  a  liquid  levelling  switch. 
Directional  torque  motors  are  incorporated  on  the  gyro  unit  for  the  application 
of  earth  rate  corrections.  If  the  system  is  operated  in  the  slaved  (M.J&)  mode, 
the  slaving  signals  are  out  out  by  a  mioro-switoh  whenever  the  bank  angle 
exceeds  6  . 

The  H.G.U.  is  maintained  vertical  by  a  pair  of  liquid  levelling  switches, 
one  fore  and  aft  and  tho  other  athwartships.  The  fore  and  aft  switch  is 
slightly  offset  to  compensate  for  pendulosity  effect  o&used  by  the  aircraft' g 
tendency  to  'toe-in'  during  turns.  In  turns  where  the  bank  angle  exceeds  10 
the  ereotion  mechanism  is  disoonneoted  and  the  H.&.U.  is  free  running. 


The  oompass  master  unit  receives  heading  informat  on  from  the  CL11  gyro¬ 
scope  by  means  of  a  synchro  reoeiver  equipped  with  a  rotatable  stator. 

Rotation  of  th:’s  stator  is  accomplished  by  means  of  a  knob  labelled  0-X  on  the 
face  of  the  instrument.  This  allows  the  oompass  to  be  synchronised  when 
operating  in  the  slaved  mode,  or  allows  any  desired  heading  to  be  set  when 
operating  in  the  DG  mode. 

The  latitude  oontroller  applies  power  to  the  eleotro-magnets  of  the  torque 
motors  in  the  CL11  to  oounteraot  the  apparent  drift  oaused  by  earth  rotation. 
The  amount  of  precession  is  controlled  by  a  potentiometer  in  the  unit  whioh  is 
calibrated  in  degrees  of  latitude  from  90°S  to  9g°?f.  Compensation  is  thus 
provided  for  drift  rates  varying  between  +  15. 04 "/hour,  also  incorporated  in 
the  latitude  oontroller  is  a  switching  facility  for  selection  of  the  magneti¬ 
cally  slaved  mode  when  this  is  included  in  the  installation. 


The  CL11  gyro  is  maintained  horisontal  in  the  roll  plane  by  signals 
derived  from  the  H.G.U.  These  signals  are  obtained  from  a  comparison  of  the 
output  of  the  roll  potentiometer  incorporated  in  the  H.G.U.  with  that  of  a 
seoond  potentiometer  geared  to  the  roll  ring  of  the  CL11  gyro.  This  signal 
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excites  a  servo-motor  which  drives  the  gyro  package  back  to  the  horisdntal. 
However,  should  a  failure  in  the  system  allow  a  difference  of  greater  than  5° 
to  exist  for  more  than  gth  of  a  second,  a  relay  functions  whioh  disengages  the 
roll  stabilisation  mechanism  and  locks  the  roll  ring  gear  in  the  central 
position. 

In  DO  operation  the  heading  information  from  the  CI.11  gyro  is  transmitted 
to  the  receiving  synchro  in  the  master  unit  and  there  modified  by  any  off-set 
in  the  stators  plus  any  variation  set  on  the  V-.S.C.  It  is  then  transmitted 
by  more  synchros  to  equipments  which  require  aircraft  heading.  The  heading 
transmitted  to  all  ancillary  equipment  will  therefore  agree  with  the  master 
indicator  reading  but  will  differ  from  the  gyro  output  by  a  combination  of  the 
two  off-sets  plus  any  transmission  error. 

3 •  Trials  method 

To  achieve  the  aims  of  the  trial,  measurements  were  required  of:- 

(a)  The  gyroscope's  drift  rate  on  the  .  round  both  with  and  without 
latitude  compensation. 

(b)  The  gyroscope' s  drift  rate  in  unmanoeuvred  flight  with  the  correct 
value  of  latitude  compensation. 

(o)  The  gyroscope's  loss  of  datum  in  normal  aircraft  manoeuvres. 

(d)  The  gyroscope's  loss  of  datum  in  a  typical  tactical  manoeuvre. 

(e)  The  angle  at  which  the  hank  cut-out  mechanism  actually  functions. 

(f)  ?he  amount  of  time  during  which  the  bank  out-out  operates  while 
the  aircraft  is  not  manoeuvring. 

(g)  The  deterioration  of  heading  information  between  the  gyroscope 
and  a  typical  repeater  unit. 

3*1*  Ground  Drift  Measurements 

/hen  correctly  set  up,  the  gyro's  apparent  drift  rate  is  a  corabina- 
tion  of  the  actual  gyro  drift  and  errors  in  earth  rate  compensation.  The  Q 
gyro's  basic  rate  is  directly  measurable  with  the  latitude  control  set  to  0  , 
but  because  of  random  variations  in  gyro  drift,  the  latitude  compensation 
errors  are  less  readily  determined.  However,  assuming  the  latitude  comoensator 
errors  are  repeatable,  a  very  close  approximation  to  their  magnitude  could  be 
obtained  by  first  determining  the  average  drift  rate  of  the  gyro  and  then 
comparing  this  rate,  with  drift  rates  measured  when  various  values  of  latitude 
compensation  ore  inserted.  By  repeating  this  exercise  on  different  days  and  . 
subtracting  the  average  drift  rates  and  the  known  value  of  earth  rate  at  the 
trials  location  from  the  results  obtained,  the  performance  of  the  latitude 
compensator  was  determined.  *.  calibration  curve  showing  the  performance  of 
the  latitude  compensator  compared  to  earth  rate  for  the  controller  and  gyro 
combination  was  Bad*  and  is  at  Figure  1. 

For  this  portion  of  the  trial  the  only  instrumentation  required  was  a 
oompass,  repeater  capable  of  being  read  to  0.01  •  Such  a  repeater,  the  Smith's 
Kavigator's  Compass  Repeater  Type  B  (FOR) ,  was  used  in  the  installation. 

3.2.  i.irborne  Drift  measurements 

In  flight  measurement  of  gyro  drift  rates  required  a  heading  datum 
with  an  acouracy  of  the  order  of  0.1  .  No  simple  method  of  achieving  this 
on  a  'one-shot'  basis  was  available.  However,  the  trials  aircraft  possessed 
a  modified  j2'/. ,ViT  1  astro-tracker  whose  average  accuracy  was  of  that  order. 

By  making  a  series  of  simultaneous  recordings  of  both  the  gyro  reading  and  the 
astro-tracker  heading  over  a  period  of  about  two  minutes  an  accuracy  of  this 
order  was  obtained  by  averaging  the  differences.  For  optimum  astro-traoker 
performance  the  sun' s  altitude  should  have  been  below  30  ,  but  in  order  to 
allow  sorties  of  a  more  representative  length,  higher  altitudes  were  accepted 
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and  partially  compensated  for,  by  using  more  readings. 

3*3*  Latum  Loss  in  Formal  hanoeuvrea 

iieasuroments  of  the  datum  loss  in  manoeuvres  were  accomplished  in 
the  same  manner  as  for  airborne  drift  measurements,  but  it  was  not  possible  to 
separate,  by  direct  measurement,  datum  losses  occasioned  by  the  manoeuvre  from 
those  occasioned  by  norraal  short  term  gyro  drift  between  observations.  To 
provide  some  measure  of  likely  error  in  turns  apgroximately  40  observations 
(20  each  port  and  starboard)  of  datum  loss  in  90°,  180°,  and  3^0°  turns  were 
made,  and  compared  statistically  with  the  likely  value  of  short  term  gyro  drift. 
In  addition  a  limited  numb a g  of  measurements  of  datum  loss  were  obtained  after 
turns  of  long  duration  (720  )  when  the  preoession  of  the  free-running  H.G.U. 
would  have  allowed  a  false  vertical  to  be  established. 


3 • 4 •  latum  Loss  in  Taotioal  Manoeuvres 

As  a  representation  of  the  datum  loss  likely  to  be  encountered  on  a 
typical  tactical  manoeuvre,  measurements  were  made  of  the  error  occurring  after 
a  fifteen  minute  manoeuvre  (Figure  2).  This  manoeuvre  congested  of  a  90  turn, 
a  straighj  arid  level  run  of  approximately  25  miles,  a  360  turn  at  rate  one 
and  a  270°  turn  at  rato  two  and  finally  a  straight  and  level  run  of  approximately 
five  miles.  Because  the  trials  aircraft  operates  at  approximately  tw^oo  the 
speed  of  the  Shackle ton,  rate  gne  turns  were  simulated  by  turns  at  90  /min.  and 
rate  two  turns  by  turns  at  180°/Min.  in  order  to  approximate  the  'g'  loading 
occasioned  on  the  compass  by  the  slower  aircraft.  As  a  result  the  trials 
aircraft  was  involved  in  turning  for  a  longer  period  than  would  be  the  case 
with  the  Shackleton  and  the  loss  of  datum  would  be  expected  to  be  slightly 
greater. 


3«5*  Bank  Angle  A easur aments 

To  measure  the  angle  of  bank  at  which  the  bank  out-out  mechanism 
actually  funotionnd,  a  simultaneous  record  of  ban}:  angle  ana  the  operation  of 
the  cut-out  switch  was  required.  This  record  was  provided  by  instrumenting 
the  II.C-.U.  potentiometer  to  give  a  single  output  of  the  entire  range  ofbonk 
angle.  This  was  obtained  with  only  minimal  effects  on  the  potentiometer 
voltage,  whereas  the  provision  of  an  additional  output  to  show  the  first  10° 
to  a  higher  order  of  precision  degraded  the  roll  stabilisation  function,  and 
was  therefore  removed.  The  bank  angle  record,  together  with  a  record  of  the 
operation  of  the  bank  cut-out  mioro-switch  were  presented  side  by  side  on  a 
C.I.D.  trace. 

3»C.  Bank  Cut-out  Time  Aeaaurements 

an  indication  of'  the  proportion  of  time  during  which  the  bank  cut¬ 
out  switch  was  operating  during  nominally  straight  and  level  flight  was  avail¬ 
able  on  the  trace  recordings  described  in  para.  3.5. 

3*7.  Transmission  Errors 

To  obtain  a  value  for  the  heading  transmission  errors  of  the  system, 
a  simultaneous  reoord  of  the  gyro's  heeding  and  the  heading  oresented  by  a 
typioal  repeater  was  made.  Any  change  in  the  difference  between  these  readings 
with  heading  was  a  measure  of  the  transmission  system  errors.  Because  the 
gyro  heading  oould  not  be  determined  to  a  greater  accuracy  than  0.1  without 
considerable  alteration  to  the  system,  the  gyro  heading  was  reoorded  at  the 
same  frequency  as  tho  astro-traoker  data  and  at  least  10  readings  were  averaged 
on  every  heading  to  obtain  a  more  accurate  representation  of  transmission 
errors. 

3*8.  Trials  ^lan 


The  complete  trials  plan,  thus,  oonsisted  of  four  phases :- 

(a)  Approximately  25  hours  of  ground  running  to  oalibrate  the 
latitude  compensator  and  to  determine  the  gyro's  drift  rate  under 
static  conditions.  ..  , 
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0>)  Approximately  15  hours  of  straight  and  level  flight  to 
determine  the  gyro's  airborne  drift  rate* 

(o)  approximately  20  hours  flying  to  determine  the  likely  loss 
of  heading  datum  in  turns  of  various  magnitudes,  and 

(d)  approximately  10  hours  flying  to  determine  the  likely  loss 
of  heading  datum  in  a  typical  taotioal  manoeuvre. 

4*  Instrumentation  and  Installation 

Beoause  the  regular  aircraft  auto-observer  positions  were  not  available 
at  the  time  of  the  trial,  it  was  necessary  to  mount  the  entire  GK7  installation 
on  a  palette  fixed  to  the  seat  rails  nt  the  rear  of  the  aircraft.  This 
palette  also  contained  facilities  for  two  photographic  auto-observers,  one  for 
the  N.C.R.  and  one  for  the  CL11  itself,  and  for  the  C.I.D.  trace  recorder,  nil 
three  recording  devices  wore  connected  with  the  aircraft’s  reoording  control 
unit  which  provided  timing  pulses  synchronised  with  those  of  the  astro-tracker 
and  thus  enabled  simultaneous  observations  of  true  and  gyro  headings  to  be  made. 
Because  of  the  difficulties  with  the  C.I.D.  recorder  described  in  para.  3»5»> 
this  equipment  was  unavailable  until  the  last  six  flights,  but,  since  these 
flights  were  the  only  ones  for  hioh  bank  recordings  were  particularly  required, 
no  significant  loss  of  data  resulted.  The  complete  installation  on  the  rear 
palette  thus  oonsisted  of:- 

(a)  A  roll  stabilised  CL11  gyro. 

(b)  An  Horison  Gyro  Unit  Kk.  3* 

(o)  A  compass  master  indicator. 

(d)  A  Navigator's  Compass  Repeater,  type  B. 

(e)  A  latitude  controller. 

(f)  a  power  supply  unit. 

(«)  A  servo -amplif ie  r . 

(h)  Two  oamcra  auto-observers. 

( j )  i„  C.I.D.  trace  recorder,  and 

(k)  Switches  and  oontrols. 

5*  Trials  Experience 

All  the  equipment  except  the  C.I.D.  reoorder  was  installed  in  Comet  JfC 
XS  235  on  the  15th  march,  1965  and  preliminary  ground  runs  and  airborne 
functional  oheoks  commenced  immediately.  During  ground  running  the  basio 
drift  rate  of  the  gyro  was  established,  and  a  calibration  graph  (Figure  1) 
prepared  for  the  latitude  controllor.  The  airoraft  was  fully  committed  to 
other  trials  during  the  month  of  Naroh,  but  advantage  w as  token  of  a  number  of 
sortios  flown  for  these  trials  to  oolleot  data  on  airborne  drift  rates.  After 
the  oomplction  of  the  other  trials,  seven  sorties  totalling  33  hours  20  minutes 
were  required  to  complete  the  data  acquisition  phase  of  the  GM7  trial*  The 
last  sortie  was  flown  on  Vth  Day,  1965,  and  aftor  analysis  of  the  data  oolleoted 
on  this  flight  had  shown  that  no  further  sorties  were  required,  the  equipment 
wae  withdrawn  from  the  airoraft  on  25th  Kay,  1965*  Flight  experience  is 
summarised  in  Table  1. 
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Date 

Time 

Hying  Time 

Data  Acquired 

1'5  i-.'ar 

1120 

4:05 

To  data,  -  System  check-out 

u 

c\ 

1240 

4:00 

Drift  measurements 

24  Mar 

1010 

5:35 

Drifts  and  180°  turns 

26  Aar 

1300 

3:50 

Drifts  and  180°  turns 

29  Aar 

1520 

1:50 

Drift  measurements 

30  Mar 

1450 

2:45 

Drifts  and  180°  turns 

31  i’ar 

1430 

3:40 

Drifts  and  180°  turns 

Total  flying  in 
conjunction  v/ith 
other  trials 

25:45 

Equivalent  of  3  sorties 

5  *  pr 

1505 

4:15 

Drift  measurements 

7  -  -pr 

1330 

4:30 

90°  turns 

12  -.pr 

1145 

5:10 

180°  turns 

13  -pr 

1130 

4:40 

36O0  turns 

U 

CO 

OJ 

1245 

4:45 

3- S0°  and  720°  turns 

30  ^pr 

1125 

5:15 

Tactical  manoeuvres 

4  kay 

1215 

4:45 

Tactical  manoeuvres 

Total  flying 
solely  for  GI7 

33:20 

7  sorties 

Grand  Total 

59:05 

Represents  total  flying  experience 

Table  1  -  Flight  History  of  GIT?  Trial 


6.  Unservi.cee.bili  ties 


Mo  unsorviceabillties  were  experience!  with  the  Gi'l?  components  during  tho 
trials,  but  a  failure  of  tho  trials  airoraft’s  power  supply  which  had  a 
severe  effect  on  tho  system’s  performance  occurred  on  the  13th  i.pril  flight, 
and  was  subsepuently  ropeated  on  tho  ground  prior  to  ttie  28th  April  flight. 
During  flight  tho  symptoms  of  this  power  failure  wereQa  large  precession  (80  ) 
of  the  CL11  and  a  toppling  of  the  H.G.U.  during  a  turn.  Tho  cause  of*  the 
occurrence  was  traced  to  groasy  dirt  on  the  fuse  guarding  one  phase  of  the 
installation's  three  phase  power  supply.  This  allowed  the  voltage  on  this 
phase  to  drop  sharply  and  so  reduced  tho  rigjdity  of  the  H.G.U,  that  a  large 
bank  error  was  allowed  to  accumulate  once  10°  of  bonk  was  exceeded  and  the 
H.G.U.  was  operating  as  a  free  gyro.  The  result  u as  that  the  CL11  was  not 
horisontal  during  the  turn,  and  a  large  coupling  error  v/as  introduced.  The 
effoot  of  this  failure  on  the  trials'  results  was  negligible  sinoe  the  test 
data  for  this  manoeuvre  was  only  one  Of  a  large  number  of  samples.  However,, 
there  is  nothing  to  prevent  a  similar  occurrence  with  an  operational  aircraft's 
power  supply  and  such  a  large  datum  loss  oould  be  very  disturbing  under 
operational  conditions. 

7.  Results  and  ..nalvsis 

The  results  of  the  trial  are  considered  under  four  main  headings:- 

(a)  Ground  measurements,  -  oovering  long  and  short  term  gyroscope 
precession  rates,  and  the  calibration  of  tho  Latitude  Controller. 

(b)  Airborne  Drift  Rates,  -  covering  long  and  short  term  gyroscope 
preoession  rates  in  flight. 

(o)  Performance  in  Turns,  -  oovering  the  behaviour  of  the  GH7  in 
turns  of  various  magnitudes,  and 

/(d)... 


(d)  .? erf ormauce  in  manoeuvres,  -  covering;  the  perfo.  mance  of  the 

(A 7  in  a  simul.-te  tuccieai  manoeuvre. 


I 


7.1.  G£2!£L  1-  '.JAsureaeuta 

..  total  of  26  hours  of  gx  ouud  ru  ninj  time  was  devoted  to 
determination  ox  the  gyroscope's  precession  rat...,  vo  calibration  of  the 
latitude  controller,  an  to  confirming  that  calibration.  The  gyro's 
process!  n  rate  was  determined  for  both  sh.ort  term  periods  of  20  mins,  and 
for  long  term  periods  of  an  h  ur  or  more.  To  eliminate  latitude  controller 
errors,  these  jcasure>-.ents  were  taken  with  f  e  latitu controiJ.er  set  to  0 
an’  the  known  value  of  eart.a  x-c'.te  was  sue  true  tei.  from  t!:.e  measured  diift. 

Tt.e  results  of  these  measurements  are  tabulate  ■  in  able  2  an  L  show  a  1  cr  value 
ox  long  and  si  ox-t  tern  drift  of  0.1  3  /hr.  and  0.24  /hr.  respectively. 


Date 

:  rift 

Dr2 

n  = 

•Tunning  Time 

V2/ 

n 

2 

1',  Short  verm  Rates 

'•To.  of  Obs  (K) 

19  Hap 

0.30 

0.05 

i.i  /’ 

O.C77 

0.445 

6 

24  tlnr 

O.t  2 

O.OIx; 

1.23 

0.011 

0.111 

6 

2b  Kar 

0.10 

0.010 

1.25 

0.008 

0.553 

6 

29  Mar 

0.13 

0.017 

1.25 

0.014 

0.290 

6 

30  ’"ar 

o.os 

0.006 

1.23 

0.005 

0.474 

6 

31  1'ar 

o 

• 

O 

Vji 

0.001 

1.33 

0.001 

0.288 

7 

3  Apr 

0.11 

0.012 

1.25 

0.010 

0.174 

6 

Totals 

>75 

0.126 

2.1*5 

43 

1  cr  Long  Term 
Drift 


1  cr  Short  Term 
Drift 


£n  -  1 


£(STDr/ 

N  K  -  1 


_  \\ 


iST 

n 

En-1 

I  2«345 
1  "“42 


0.126 

7.75" 


*  0.13°Ar. 


s  0.24  /W. 


Table  2.  Gii7  Drift  Rates  with  Ho  Latitude  Compensation 

.  o 

Results  of  the  latitude  controller  calibration  jndj.cated  that  46  N  was 
the  correct  controller  setting  for  Boscombe  Down  (51  10  N)  and  to  confirm 
this  finding,  a  number  of  drift  runs  were  carried  out  with  this  value  set 
on  the  latitude  controller.  These  runs  are  tabulated  in  Table  3  god  show  a 
1  cr  value  of  long  and  short  term  gyro  drift  of  0.15  A1**  and  0.40  /hr. 
respectively.  This  result  confirmed  the  repeatability  ofQthe  latitude 
compensation  and,  contrasted  to  the  ...verage  drift  of  1.24  /hr.  obtained  with 
51°  set  on  the  controller,  confirmed  both  the  accuracy  of,  and  necessity  for 
latitude  controller  calibration.  Other  results  of  the  latitude  controller 
calibration  are  plotted  in  Figure  1  and  tabulated  in  Table  4. 


.y 

t 
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| 

9 

f 
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/Table  3... 


Date  Drift  Dr 


n  = 

Running  Time 


2  SRate82Gr”  No*  °f  0bs  =  N 


17  Mar 

0.16 

0.026 

2.00 

0.013 

1 

1.613 

11 

19  Mar 

0.22 

0.048 

1.50 

0.032 

0.762 

8 

7  i-pr 

0.07 

0.005 

0.83 

0.006 

0.351 

4 

12  ii.pr 

e 

e 

0,83 

0 

0.682 

4 

28  ,.pr 

0.13 

0.017 

1.17 

0.015 

0.270 

6 

30  .^pr 

0.38 

0.144 

1.17 

0.123 

I.464 

6 

4  hey 

0.75 

0.273 

2.17 

0.126 

2.768 

12 

Totals 

9.67 

0.315 

7.910 

51 

1  cr  Long  Term  Drift 

■  Jiap  ■ 

=  0.19°/hr. 

1  °r  Short  Term  Drift 

.  I.Za2i2 

-  \f  50 

=  0.40°/hr. 

Table  3«  Gu7  Drift  Rates  Y.'ith  46  N  on  Latitude  Controller 


Earth  Rate  °/hr. 

Latitude  Con.  Rate  °/hr. 

0 

0 

2.61 

2.71 

5.14 

5.59 

7.52 

8.33 

9.67 

10.59 

11.52 

12.55 

13.02 

13.81 

14.14 

14.77 

14.85 

15.10 

15.04 

i5.il 

Error  °/hr. 


10 

45 

81 


+0.92 

-.1.03 

+0.79 

+O.63 

+0.25 

+0.07 


fable  4.  Latitude  Controller  Compensation 


airborne  Drift  Rates 


iiirborne  Drift  Rates  were  oomputed  for  all  sorties,  up  to  and  including 
that  of  12  apr. .  a  total  28  hours  flying  time.  These  include  the  sorties  flown 
for  90°  and  180°  turns  as  well  c.s  those  flown  expressly  for  drift  measurements. 

The  sortie  of  13  -pr.  is  not  inoluded  beoause  of  the  malfunction  already 
mentioned,  and  those  for  subsequent  flights  show  measurable  losses  of  datjjm  in 
the  more  demanding  manoeuvres.  The  sorties  in  which  regular  series  of  90  and 
180°  turns  were  performed  are  included  for  comparison  purposes  and  as  on 
indication  of  any  performance  deterioration  likely  in  a  long  series  of  normal 
aircraft  manoeuvres.  ...s  with  the  ground  measurements,  two  drift  rates  were 
comouted,  a  long  term  rate  based  on  the  total  drift  per  sortie  and  weighted 
in  proportion  to  the  sortie  length,  and  a  short  term  rate  based  on  drift 
measurements  over  periods  averaging  20  minutes  in  length.  The  results  of  these 
computations  are  tabulated  in  Ta^le  5  and  show  a  1  (rvalue  of  long  and  short 
term  drift  of  0.24/hr.  and  0.52  /hr.  respectively. 


/in  the ... 
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In  the  14 .85  hours  devoted  exclusively  to  driftQ  measurements^  the 
corresponding  values  of  long  and  short  term  drift  are  0.21  /hr.  and  0.51  /hr. 
..'hen  allowance  is  made  for  the  likely  error  of  the  airborne  test  datum,  these 
figures  are  in  close  agreement  with  the  values  of  0.19  /hr.  long  term  and 
O.lfO  /hr.  short  term  found  in  the  ground  measurements,  and  indicate  that 
ground  and  air  drift  rates  are  not  significantly  different. 

i’or  the  flights  in  which  a  series  of  turns  were0performed,  the 
corresponding  values  of  long  and  short  term  drift  are  0.28  /hr.  and  0.54  /hr. 
,/hile  these  figures  seem  to  reveal  a  slight  deterioration  of  performance  in  a 
series  of  turns,  statistical  significance  tests  applied  to  these  results  show 
that  the  differences  between  these  values  are  wall  within  the  likely  chance 
variation  of  small  samples.  It  is  thus  unlikely  that  any  real  difference  in 
performance  exists,  and  therefore,  the  two  sets  of  results  gan  be  grouped 
togetherQto  yield  the  overall  estimates  of  gyro  drift,  0.24  /hr.  long  term, 
end  0.52  /hr.  short  term  quoted  above. 


Table  5*  Airborne  Drift  Rates 


7*3*  Performance  in  Turns 


0  0  Theobehaviouroof  the  &h5?  in  turns  was  investigated  during  turns  of 

90  ,  180  ,  360  ,  and  720  .  Statistical  samples  were  taken  of  the  datum  loss 


/experienced... 
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experienced  on  the  throe  smaller  turns,  and  a  limited  sample,  (six  observations) 
was  taken  of  the  loss  on  the  720  turns  (eight  minutes  of  continous  tugn). 
Results  of  these  observations  are  tabulated  ig  Table  6  and  show  fog  90  turns 
ale  value  of  datum  loss  of  0.15°/port,  0.14  /starboard,  and  0.15  overgll; 
for  180°  turns,  0.1 7/ port,  0.15  /stagboard,  and  0.1 6  overall;  for  3-0  turns, 
0.1 g  /port,  0.1§  ;  /starboard,  and  0.18°  overall;  and  for  the  limited  number  of 
720  turns  0.45  overall.  Those  results  show  no  significant  variation  with 
either  direction  or  magnitude  for  the  three  smaller  turns  and,  indeed,  when 
corrected  for  the  likely  value  of  short  term  drift  between  observations,  show 
a  complete  compatibility  with  the  assumption  that  no  datum  loss  whatsoever 
occurred  during  the  turns  and  that  the  1  o'  value  of  the  error  in  the  test 
datums  was  0.1  .  This  assumption  is  in  agreement  with  the  results  of  paragraph 
7.2.  and  when  considered  in  conjunction  with  the  chance  variation  of  small 
samples,  could  fully  account  for  the  difference  observed  between  ground  and  air 
drift  measurements.  In  the  turns  of  720  ,  however,  a  significant  increase  in 
datum  loss  did  occur.  This  was  to  be  gxpected  since  the  H.&.U.  gyro  runs 
unmonitored  when  bank  angle  exceeds  10  .  As  a  result,  the  levelling  signals  to 
the  directional  gyro  are  in  error  by  the  amount  of  free  drift  which  accumulates 
on  the  H.G-.U.  during  turns.  .Then  the  turns  are  of  less  than  foug  minutes 
duration,  AP  1275  specifies  that  this  drift  shall  be  less  than  4  ;  for  turns 
of  greater  duration,  however,  the  amount  of  error  present  oan  increase  propor¬ 
tionately  end  result  in  measurable  amounts  of  cross  coupling  between  gyro  axes. 


Turn0 

— 

/  2 

I  Datum  Loss 

No.  of  Obs. 

oP 

Prob. 

Drift0 

. 

cr°  Corr.  for  DR. 

90? 

■ 

0.1*5 

20 

0.15 

.05  • 

0.14 

90S 

0.38 

20 

0.14 

.05 

0.13 

All  90° 

0.83 

40 

0.15 

.05 

0.14 

180P 

0.82 

28 

0.17 

.07 

0.15 

180S 

0.62 

28 

O.15 

.07 

0.13 

All  180° 

1.44 

56 

0.16 

.07 

0.14 

36OP 

0.57 

19 

0.17 

.09 

0.14 

#0S 

0.59 

19 

0.18 

.09 

0.15 

all  360° 

1.16 

38 

0.18 

.09 

0.15 

all  720° 

1.02 

6 

0.45 

.12 

0.43 

Table  6.  Performance  in  Turns 
7.4.  Performance  in  Hanoeuvres 


Observations  of  the  datum  loss  in  the  manoeuvre  described  in  para. 
3.4*  and  sketched  in  iigure02  arc  tabulated  in  Table  7*  These  show  e  1 cr 
value  of  datum  loss  of  0.61°  when  the  main  turag  were  made  to  starboard,  0.52° 
when  the  main  turns  were  made  to  port,  and  0.56  overall.  Significance  tests 
on  the  difference  between  the  port  and  g tar board  readings  reveal  that  a 
difference  between  these  values  of  0.14°  could  well  arise  by  ohanoe,  and  that 
there  is  no  reason  to  suppose  that  the  GA7  behaves  differently  in  port  or 
starboard  manoeuvrgs.  If  the  findings  of  paras.  7*J.  and  7*2.,  a  1 cr  short 
term  drift  of  0.52  /hr.,  gnd  no  loss  of  datum  in  90  turns,  are  accepted,  the 
datum  loss  during  the  3^0°  turn  at  rate  one  followed  by  the  270°  turn  at  rate 


r 


two  exhibits  a  1 <r  value  of  ^ .31-.02  =  0.54.  This  value  is  not  statistically 


inconsistent  with  the  value  found  for  the  720° 
and  tenus  to  confirm  the  deterioration  of  &  7 
than  four  minutes. 


rate  one  turns  in  para.  7.3. 
performance  in  turns'  lasting  more 


S' 
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Date 

2 

Datum  Loss 

No.  of  Obs. 

a0 

30  i.pr 

5. 18 

15 

0.61 

4-  iiay 

3.56 

IV 

0.52 

Overall 

8.74- 

29 

O.56 

Table  7.  Performance  in  Manoeuvres. 


7.5*  Other  Trials  Results 

Three  other  trials  parameters  remain  to  be  considered;  the  bank 
angle  at  which  the  slaving  cut-out  switch  operates,  the  amount  of  time  during 
which  this  cut-out  is  in  operation  in  straight  and  level  flight,  and  the 
transmission  error  of  the  system. 

(a)  Bank  Angle 


Beoause  of  difficulties  with  the  instrumentation  discussed 
in  para.  3*5*,  it  proved  impossible  to  measure  this  parameter 
exactly.  However,  a  rough  measure  of  the  operation  of  this  sv/itoh 
in  approximately  150  turns  and  manoeuvres  vas  made.  Taoh  trace 
recording  of  a  turn  or  manoeuvre  was  examined  and  no  instancg  of 
the  switch  operating  at  an  angle  measurably  different  from  6  was 
detected.  There  is,  therefore,  no  reason  to  suppose  that  this 
switch  functions  otherwise  than  as  intended. 

(b)  Cut-out  Operation  Other  Than  During  Manoeuvres 

During  27  hours  of  flying,  42  instances  totalling  217  seconds 
of  the  bank  out-out  switch  operating  during  straight  and  level 
flight  were  detected.  These  include  instances  arising  from 
turbulence,  and  instances  caused  by  the  pilot  making  minor 
alterations  to  the  flight  controls.  The  occurrences  ranged  in 
duration  from  2  to  17  seconds  with  an  average  value  of  5»2  seconds. 
The  operation  01  this  switch  would,  therefore,  have  a  negligible 
effect  on  the  GK7's  performance  in  the  magnetic  mode  unless 
conditions  of  severe  and  continuous  turbulence  were  oncountored, 
whan  the  system  would  behave  as  if  DC  had  been  selected.  It  is 
stressed,  however,  that  these  observations  wore  obtained  in  a 
Comet  flying  at  high  level,  and  rather  more  time  in  DC  mode  can 
be  expected  in  Shackleton  flying. 

(c)  Transmission  Errors 


Transmission  errors,  determined  as  described  in  para.  3*7., 
were  measured  for  various  combinations  of  CL11  heading  and  repegter 
reading.  Those  revealed  a  1  cr  deterioration  of  heading  of  0.15 
between  the  gyro  and  the  NCR  output.  The  investigation  revealed 
that,  within  the  preoision  of  the  measurements,  the  error  was 
approximately  repeatable  for  any  one  heading  provided  that  no 
adjustment  was  made  to  the  rotatable  stators  in  the  gyro  master 
unit,  but  that  when  any  suoh  adjustment  was  made,  r  new  set  of 
errors  was  introduced.  Since  manipulation  of  these  stators  is 
required  every  time  the  oompass  is  synchronised  in  the  magnetic 
mode,  or  reset  in  the  DG  mode,  calibration  of  transmission 
errors  is  not  practical  in  the  KA7  system,  for  trials  purposes, 
it  was  possible  to  remove  these  errors  when  oomputing  drift 
rates  ana  datum  losses  by  the  use  of  different  corrections  for 
every  flight,  but  in  squadron  service,  heading  errors  of  this 
magnitude  oaused  by  the  transmission  system  must  be  expected. 

Beoause  this  type  of  error  is  independent  of  time  it  will  have 
almost  no  effect  on  long  term  drifts,  but  will  tend, to  inorease 
the  short  tern  drifts  whan  turns  are  involved.  Though  s’ 
reduction  of  this  error  by  the  use  of  multi-speed  synchros  in 
the  transmission  system  is  possiblo,  the  operational  advantage 
to  be  gained  from  the  small  inorease  in  accuracy  would  not 
appear  to  justify  the  resultant  inorease  in  system  complexity. 

/8.  Conclusions... 
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8.  Conclusions 

The  results  of  the  trial  show  that  the  K  7  is  a  high  performance  compass 
system,  capable  of  great  precision  in  the  DG-  mode,  They  also  reveal  the 
necessity  for  calibration  of  the  Latitude  Controller  in  order  to  obtain  full 
advantage  from  the  performance  available.  If  this  is  done,  the  GIJ7*  s  long 
term  drift  should  be  less  than  0.3  /hr.,  and  its  short  term  drift  should  not 
exceed  0.6°/hr.  (Iff).  Neither  the  long  term  drift  nor  the  short  term  drift 
are  affected  to  any  ap  ireciable  extent  by  normal  flight  or  by  turns  of  under 
k  minutes  duration.  Not  only  do  such  turns  produce  no  detectable  loss  of 
heading  datum,  but,  in  addition,  long  series  of  suoh  turns  have  no  significant 
effect  on  the  gyro's  long  term  drift  rate. 

The  only  major  weakness  of  the  system  detected  during  the  trials  was  its 
susceptibility  to  cross  coupling  errors  whenever  the  horizon  inputs  from 
the  II.G.tJ.  were  seriously  in  error.  Errors  from  this  source  would  not  occug 
in  normal  flight,  but  only  during  periods  of  prolonged  bank  in  excess  of  10  , 
or  in  the  event  of  a  power  failure  suoh  as  that  described  in  para.  6.  In  the 
former  case,  the  amount  of  -  error  introduced  is  small  but  increases  with  the 
duration  of  the  turn.  Trials  experience  has  shown  that  an  error  of  about  0.5 
will  be  accumulated,  in  a  continuous  turn  of  8  minutes  duration.  Any  inter¬ 
ruption  of  the  turn  would,  of  course,  reduce  the  error  because  of  the  re-ereotion 
function  of  the  elactrolytio  levels  in' the  H.G.U.,  and,  as  a  result,  large 
errors  from  this  source  are  unlikely  to  arise  in  operational  conditions.  The 
effect  of  partial  power  failures  oan,  however,  be  much  more  serious.  Suoh 
failures  can  reduce  the  rigidity  of  the  vertical  gyro  to  such  an  extent  that 
the  bank  angle  input  to  the  CLIl  is  grossly  in  error.  After  a  turn  involving 
this  type  of  failure,  heading  errors  of  tens  of  degrees  oan  be  experienced, 
a  total  power  failure  to  the  H.G.U.  on  the  other  hand  is  less  likely  to  cause 
large  errors  since,  in  this  case,  the  comparator  circuit  described  in  para.  2 
would  immediately  disengage  the  roll  stabilisation  mechanism,  a  further 
problem  with  the  partial  failure  case  is  the  difficulty  in  detecting  such  a 
malfunction  during  a  turn,  since  the  pilot  would  not  expect  the  ii.G.U.  to  be 
level  in  any  event/'  and  the  fact  that  it  v,e.s  indicating  a  larger  or  smaller 
degree  of  bank  than  was  actually  in  use  would  not  be  easily  noticed.  In  a 
completely  twinned  system  with  separate  H.G.U's,  driven  by  independent  power 
supplies,  controlling  the  roll  rings  of  separate  ELI Is  any  cross  coupling 
errors  would  immediately  become  apparent.  However,  in  an  installation  like 
the  fjhackleton' s  the  only  immediate  soluti  n  to  the  problem  is  to  operate  only 
one  system  in  the  DG  modo  at  a  time  and  to  retain  the  other  in  the  slaved  mode 
as  an  assurance  against  gross  errors. 

9.  Recommendations 

Recommendations  as  to  the  most  effective  operation  of  the  GM7  system  and 
as  to  possible  improvements  are  considered  under  four  headings: - 

(a)  Operation  of  present  system, 

(b)  The  latitude  controller, 

(o)  The  horizon  gyro  unit,  and 

(d)  The  transmission  system. 

9.1.  Operation  of  ~’resent  System 

Prom  the  trials  results  it  is  apparent  that  -the  precision  available 
from  the  present  Gi7  system  in  the  DG  mode  is  of  a  hi"h  quality  and  that  the 
aoouraoy  obtainable  by  operating  in  this  mode  compares  more  than  favourably 
with  that  of  most  magnetic  systems.  Three  precautions  are,  however,  neoessary 
to  obtain  optimum  performance  from  the  system: - 

(a)  A.  calibration  graph  must  be  prepared  for  the  latitude 
controller  and  used  in  all  DG  operations; 


/(b) 


(b)  ..here  two  systems  are  available,  one  should  be  left  in  the 
slaved  mode  at  all  times  to  ensure  against  gross  errors  resulting 
from  faulty  H.G.U.  operation;  and 

(o)  Continuous  turns  involving  bank  angles  in  excess  of  10°  for 
periods  in  excess  of  4  minutes  should  be  avoided  unless  some 
deterioration  of  performance  is  acceptable* 

9.2.  Latitude  Controller 

-.1 though,  when  properly  calibrated,  the  present  latitude  controller 
can  effectively  eliminate  earth  rate  drifts,  its  maximum  compensation  rate  of 
15«04  /hr.  restricts  DC  operations  to  the  use  of  grid  heading  in  many  situations. 
Because  true  heading  operation  is  more  suitable  for  many  purposes,  it  would  be 
desirable  if  the  GK7  could  be  operated  in  DG  mode  using  a  true  heading  reference 
over  a  much  larger  portion  of  the  earth.  The  difficulty  with  the  presnet 
installation  is  that,  to  fly  to  a  true  reference  using  a  directional  gyro,  a 
correction  for  transport  wander  as  well  as  earth  rate  is  required  which  can  be 
beyond  the  range  of  the  controller.  A n  aircraft  flying  east  at  200  knots  at 
70  H  would,  for  example,  require  a  combined  earth  rate  and  transport  wander 
compensation  rate  of  over  24  /hr.  to  maintain  a  true  heading  in  DG  operation, 
v.  hether  a  particular  user  unit  would  require  this  facility  or  not  would  depend 
on  its  operational  role,  but  it  is  certain  that  the  operational  flexibility 
of  users  of  the  GM?  wogld  be  increased  if  an  alternate  latitude  controller 
providing  for  about  30 /hr.  of  drift  compensation  were  available.  If  such  a 
controller  were  provided  with  a  dual  scale,  calibrated  in  both  degrees  latitude 
and  degrees  per  hour  of  compensation,  the  navigator  would  be  able  to  set 
transport  rates  directly  without  reference  to  tables  or  graphs,  and  would  have 
more  time  to  attend  to  his  more  important  duties. 

9*3*  Horison  Gyro  Unit 

The  H.G.U.  oan  introduce  errors  into  the  system  under  two  distinct 
sets  of  circumstances,  either  during  turns  of  long  duration  when  its  own  free 
drift  produces  errors  or  by  losing  rigidity  through  a  faulty  power  supply, 
lirrgrs  from  the  first  cause  are  not  large  and,  if  datum  losses  of  the  order  of 
0.5  in  8  minutes  continuous  turning  are  acceptable  then  the  present  installation 
is  quite  adequate.  If,  however,  turning  errors  of  this  magnitude  are  unaccept¬ 
able,  the  only  simple  solution  that  does  not  introduce  other  errors  of  even 
greater  magnitude  is  to  replace  the  present  vertical  gyro  by  one  of  considerably 
less  free  drift.  The  other  and  more  serious  problem  of  preventing  large  heading 
errors  during  periods  of  faulty  power  supply  is  one  of  mors  complexity.  The 
recommendation  of  para.  9*t.(b)  provides  a  method  of  detecting  these  errors 
where  two  systems  are  installed,  but  does  nothing  towards  rectifying  the 
situation.  It  may  be  that  the  rarity  of  such  occurrences  renders  them  opera¬ 
tionally  acceptable,  but  if  not,  remedial  aotion  can  take  one  of  two  forms;  - 
either  redesigning  the  power  supply  to  ensure  that  such  failures  do  not  ooour, 
or  arranging  for  automatic  reversion  to  a  seoondary  mode  when  they  do. 

Engineering  investigation  would  probably  reveal  a  number  of  ways  in  which  either 
of  these  goals  could  be  met,  such  as  duplicated  power  supplies  or  automatic 
cut  outs  that  function  when  the  angular  velocity  of  the  H.G.U,  rotor  falls 
Lola/  a  pre- determined  value,  but  without  considerable  experience  on  the 
frequency  of  such  occurrences  it  is  impossible  to  estimate  the  urgency  of  such 
a  modification. 

9.4.  Transmission  System 

'The  performance  of  the  system  could  be  improved  by  the  use  of  multi- 
speed  synchros  to  reduce  transmission  errors,  buch  a  modification  would  add 
little  to  the  accuracy  of  the  system  in  general  navigation  or  in  manoeuvres 
carried  out  on  a  large  scale,  but  would  serve  to  reduce  errors  occurring  in 
'close-in'  tactical  manoeuvres.  It  would  not  be  required  for  all  outputs,  but 
would  be  limited  to  the  transmission  train  between  the  CL11  itself,  the  oompass 
master  unit,  and  the  aircraft' s  ground  position  oomputer.  The  synchros 
presently  installed  seem  quite  adequate  for  other  purposes. 
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9 • 5 •  Summary  of  Recommendations 

The  following  is  a  summary  of  recommendations  regarding  the  GH7 
arising  from  its  trials  in  the  DG  mode  at  A.  &  A.F.L. 


Recommendation 

(i)  Calibration  of  latitude  controller 

(ii)  Retaining  one  system  in  magnetic 
mode  at  all  times 

(iii)  avoiding  continuous  turns  of  more 
than  about  A  minutes  duration. 

(iv)  Substituting  a  new  latitude  cont¬ 
roller  with  provision  for  more 
than  _*15.04°/hr.  drift  compensation 

(v)  iiodification  of  system  to  avoid 

large  errors  caused  by  faulty  H.G.U 
operation. 

(vi)  Substituting  a  higher  performance 

vertical  gyro  for  that  in  the  H.G.U 


(vii)  Provision  of  multi-speed  synchros 
in  heading  drive  to  position  com¬ 
puters. 


Urgency 

Hssential  for  accurate  DG 
operation. 

Highly  desirable  -  Guards  against 
large  undetected  errors  in  event 
of  H.G.U.  malfunction. 

Desirable  -  Drrors  of  about  0.5° 
can  occur  in  turns  of  8  mins, 
duration. 

Advantageous  -  Improves  flexibility 
of  operation  in  high  latitudes. 

Depends  on  frequency  of  occurrence 
in  operational  aircraft. 

Depends  on  aircraft  role,  very 
advantageous  for  aircraft  whose 
role  involves  extensive 
manoeuvring. 

.advantageous,  particularly  for 
'close-in'  manoeuvring. 


Ref.  No. 


1 

2 

3 


REFFRENCES 

Author  Title,  etc. 

Sperry  Gyroscope  Co,  Design  Specification 
•ro.  D.6A58. 

A.P. 1275B  Volume  1  Section  11 
A.P.  1275*-  Volume  1  Section  13 


CIRCULATION  LIST 


D.R.A.F.C. 
D.A.  Nav. 
A.D.  Nav. 
Nav.  1(b) 
R.A.F.C.3 
R.D.T.3 


1  Copy 

1  " 


2  Copies  1  for  Action 
1  Copy 
1  " 

1  " 


T. I.L.  5°  Copies 

R.A.E.  Farnborough  6  Copies 
R.A.E.  Bedford  2  Copies. 


HOURLY 

Rate 


LATITUDE  CONTROLLER  COMPENSATION. 


FIG.  I. 


I 


I 


I 


t 


t 


K  ' 


HTtcma  mma  am 

Th***  at*  tract  card*  art  ln*erted  in  Report*  tor  the  convenience  or  Librarian*  and  other*  who 
need  to  aalntaln  an  lnforeatlon  index. 


i 


I 


Infnnvuiion  ( 'em  re 
Know  /edge  S  t  >  •  vires 
[dstl]  1‘onvn  /./.<.  i  ■/ 
Sahxhim 

II  ills 

$!’■!  (VO 
22000-  02! s 
7c/:  OlvSil-Oi. ? 

/  ;<>  <</y.v, -/;/.<  ■'  n 


Defense  Technical  Information  Center  (DTIC) 
8725  John  J.  Kingman  Road,  Suit  0944 
Fort  Belvoir,  VA  22060-6218 
U.S.A. 


AD#:  AD396368 

Date  of  Search:  5  December  2008 
Record  Summary:  AVIA  18/2114 

Title:  Evaluation  of  Sperry  GM7  Compass  System  in  the  Directional  Gyroscope  Mode 
Availability  Open  Document,  Open  Description,  Normal  Closure  before  FOI  Act:  30  years 
Former  reference  (Department)  AAEE/TECH  312/N 
Held  by  The  National  Archives,  Kew 


This  document  is  now  available  at  the  National  Archives,  Kew,  Surrey,  United 
Kingdom. 

DTIC  has  checked  the  National  Archives  Catalogue  website 
(http://www.nationalarchives.gov.uk)  and  found  the  document  is  available  and 
releasable  to  the  public. 

Access  to  UK  public  records  is  governed  by  statute,  namely  the  Public 
Records  Act,  1958,  and  the  Public  Records  Act,  1967. 

The  document  has  been  released  under  the  30  year  rule. 

(The  vast  majority  of  records  selected  for  permanent  preservation  are  made 
available  to  the  public  when  they  are  30  years  old.  This  is  commonly  referred 
to  as  the  30  year  rule  and  was  established  by  the  Public  Records  Act  of 
1967). 


This  document  may  be  treated  as  UNLIMITED. 


